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v=y  m  powaer-metauurgy  method  for  producing  tubu- 
lar  product  having  at  least  one  surface  (16),  prefer- 
ably  an  internal  surface,  thereof  clad  with  an  alloy 
different  from  and  preferably  more  resistant  to  de- 
structive  media  than  the  material  from  which  the 
remainder  of  the  tubing  is  constructed.  An  assembly 

-(10)  is  constructed  of  a  metal  tubing  (12)  having  an 
*  internal  surface  (16)  to  be  clad  and  a  tubular  insert  - 
3(14)  is  mounted  generally  axially  within  the  tubing  - 
3(12)  in  spaced-apart  relation  to  the  internal  surface  - 
0(16)  thereof,  which  provides  a  generally  annular  cav- 
i ty  (18)  between  the  internal  surface  (16)  of  the  tubing 
J|(I2)  and  the  tubular  insert  (14).  This  cavity  (18)  is  filled 
*with  metal  particles  (26)  of  a  composition  to  be  clad 
5  on  the  tubing  internal  surface  (16).  The  cavity  (18)  is 
^sealed  and  the  assembly  (10)  is  heated  to  an  ele- 
jvated  temperature  at  which  it  is  forged  to  compact 

the  metal  particles  (26)  introduced  to  the  cavity  (18) 
to  substantially  full  density  and  metallurgically  bond 

le  panicles  (26)  to  the  internal  surface  (16)  of  the 
ibing  (12)  to  provide  a  desired  destructive-media 
jsistant  cladding.  The  forging  operation  includes 
assing  the  assembly  (10)  along  a  feed  path  having 
n  axis  through  a  forging  box  having  a  plurality  of 
ammers  (32)  evenly  spaced  around  the  assembly  - 
0).  The  hammers  (32)  extend  and  retract  radially 
ith  respect  to  the  feed-path  axis  to  impart  a  radial 
>rging  action  to  the  assembly  (1  0)  as  the  assembly 
0)  passes  through  the  forging  box. 

tux  v̂opy  oemre 
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A  POWDER-METALLURGY  METHOD  FOR  PRODUCING  TUBULAR  PRODUCT 

i  ne  present  invention  relates  to  a  powder-met- 
allurgy  method  for  producing  tubular  product. 

In  applications,  such  as  oil  well  drilling,  the 
petrochemical  industry  and  geothermal  installa- 
tions,  there  is  a  need  for  tubing  that  is  highly 
resistant  to  the  destructive  media  of  substances 
flowing  through  the  tubing.  This  destructive  media, 
depending  upon  the  particular  application,  may  in- 
clude  corrosive  media,  abrasive  media,  high-tem- 
perature  media  and  combinations  thereof.  For 
these  applications  it  is  known  to  use  monolithic 
tubing  of  alloys  that  are  highly  resistant  to  destruc- 
tive  media,  which  would  include  nickel-base  alloys, 
such  as  INCO  625.  With  monolithic  tubing  con- 
structed  from  conventional  alloys  of  this  type,  the 
cost  of  the  finished  tubing  is  typically  of  the  order 
of  U.S.  $50  per  foot  (U.S.  $50  pa  0.3048m),  and 
the  cost  may  be  much  higher  for  large  -diameter 
tubing.  This  adds  considerably  to  the  overall  cost 
of  installations  with  which  tubing  of  this  type  is 
employed. 

It  is  accordingly  a  primary  object  of  the  present 
invention  to  provide  a  method  for  producing  tubular 
product  having  at  least  one  clad  surface,  and  pref- 
erably  an  interior  surface,  of  a  conventional  alloy 
which  is  preferably  resistant  to  destructive  media 
with  the  remainder  of  the  tubing  being  constructed 
from  a  different  material  that  is  preferably  less 
resistant  to  destructive  media,  and  thus  a  lower 
cost  material;  in  this  manner,  tubing  suitable  for 
use  in  applications  embodying  destructive  media 
may  be  produced  at  a  much  lower  cost  than  using 
monolithic  tubing  of  the  required  destructive-media 
resistant  alloy. 

A  more  specific  object  of  the  invention  is  to 
provide  a  method  for  producing  internally  clad  tub- 
ing  suitable  for  use  in  destructive-media  applica- 
tions  wherein  internal  cladding  is  provided  by  a 
powder-metallurgy  practice  wherein  metal  particles 
of  the  desired  destructive-media  resistant  alloy  are 
used  to  clad  the  internal  surface  of  tubing  by  a 
forging  operation  to  compact  the  metal  particles  to 
substantially  full  density  and  metallurgically  bond 
them  to  the  internal  surface  of  the  tubing. 

In  accordance  with  these  objects,  and  broadly 
in  accordance  with  the  invention,  the  method  there- 
of  for  producing  tubular  product  having  on  at  least 
one  surface  thereof,  and  preferably  an  internal  sur- 
face,  cladding  of  an  alloy  different  from  and  prefer- 
ably  more  resistant  to  destructive-media  than  the 
surface  to  be  clad  comprises  constructing  an  as- 
sembly  including  a  metal  tubing  having  surface  to 
be  clad,  a  tubular  insert  mounted  generally  axially 
with  said  tubing  in  spaced-apart  relation  to  the  said 
surface  thereof  to  provide  a  generally  annular  cav- 

ity  between  said  surface  and  said  tubular  insert. 
This  cavity  is  filled  with  metal  particles  of  a  com- 
position  different  from  and  preferably  more  resis- 
tant  to  the  destructive-media  than  the  surface  to  be 

5  clad  or  the  remainder  of  the  tubing.  The  assembly 
is  heated  to  an  elevated  temperature  and  forged  to 
compact  the  metal  particles  to  substantially  full 
density  and  metallurgically  bond  the  particles  to 
the  said  surface,  whereby  cladding  is  produced  on 

10  the  surface  of  the  tubing  and  preferably  on  an 
internal  surface.  During  the  forging  operation,  the 
metal  tubing  may  be  elongated.  The  assembly  may 
include  for  sealing  the  powder-filled  cavity,  two 
annular  rings  each  connected  in  sealing  engage- 

rs  ment  between  adjacent  ends  of  the  tubing  and  the 
tubular  insert  at  opposite  ends  of  the  assembly. 
The  cavity  may  be  filled  with  metal  particles 
through  at  least  one  stem  that  extends  into  the 
annular  cavity.  The  stem  is  adapted  for  sealing 

20  prior  to  forging.  The  stem  may  extend  through  one 
of  the  annular  rings  and,  after  filling  the  annular 
cavity  with  metal  particles  and  prior  to  forging,  the 
cavity  is  sealed  by  crimping  the  stem  and  connect- 
ing  an  annular  cap  in  sealing  engagement  between 

25  adjacent  ends  of  the  tubing  and  the  insert  and  over 
the  crimped  stem. 

Further  in  accordance  with  the  invention,  the 
assembly  is  forged  by  the  use  of  a  mandrel  ex- 
tending  within  the  assembly  which  is  moved  along 

30  a  feed  path  having  an  axis  through  a  forging  box. 
The  forging  box  has  a  plurality  of  hammers  evenly 
spaced  around  the  assembly.  The  hammers  are 
adapted  to  simultaneously  extend  and  retract  radi- 
ally  relative  to  the  axis  to  impart  a  radial  forging 

?5  action  to  the  assembly  as  the  assembly  passes 
through  the  forging  box.  This  forging  action  is  of  a 
magnitude  and  duration  to  compact  the  particles  to 
substantially  full  density  and  metallurgically  bond 
the  particles  to  the  internal  surface  of  the  tubing. 

w  The  invention  will  be  more  particularly  de- 
scribed  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

Figure  I  is  a  sectional  view  of  one  embodi- 
ment  of  an  assembly  suitable  for  use  in  the  method 

is  of  the  invention  for  prqducing  a  metal  tubular  prod- 
uct  having  an  internal  surface  clad  with  an  alloy  of 
a  metallurgical  composition  different  from  the  sur- 
face  being  clad  or  the  remainder  of  the  tubing,  and 

Figure  2  is  an  end  view  of  the  assembly  of 
;o  Figure  I  showing  schematically  forging  hammers 

and  a  mandrel  in  accordance  with  the  method  of 
the  invention  as  applied  to  the  assembly  in  the 
practice  of  the  method  of  the  invention. 

With  reference  to  the  drawings,  and  for  the 
present  to  Figure  I,  there  is  shown  an  assembly 
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ouuauic  iui  uats  in  me  practice  ot  me  meinoa  ot  tne 
invention.  The  assembly,  generally  designated  as 
10,  includes  a  tubing  12,  which  may  be  of  an  alloy 
that  is  less  resistant  to  destructive  media  than 
required  for  a  particular  application.  Typically,  the 
tubing  may  be  alloy  steel  or  plain  carbon  steel.  The 
only  requirement  with  regard  to  the  material  from 
which  the  tubing  is  constructed  is  that  it  be  for- 
gable.  Positioned  generally  axially  within  said  tub- 
ing  12  and  having  a  diameter  less  than  the  internal 
diameter  of  the  tubing  12  is  a  tubular  insert  14.  The 
tubular  insert  14  may  be  constructed  from  the  same 
material  as  the  tubing  12,  but  this  is  not  a  require- 
ment.  The  insert  14,  as  shown  in  Figure  I,  is  in 
spaced-apart  relation  from  internal  surface  16  of  the 
tubing  12.  The  area  between  insert  14  and  internal 
surface  16  of  tubing  12  constitutes  an  annular  cavity 
18.  An  annular  metal  ring  20  is  connected  in  sealing 
engagement,  as  by  welding  (not  shown),  between 
adjacent  ends  of  the  tubing  12  and  insert  14  at  one 
Bnd  of  the  assembly  10.  The  annular  ring  20  in  this 
manner  seals  the  end  of  the  cavity  18  at  which  it  is 
connected.  At  the  opposite  end  of  the  cavity  18 
from  the  ring  20  there  is  provided  a  second  annular 
'ing  22  that  is  similarly  connected  in  sealing  en- 
gagement  between  adjacent  ends  of  the  tubing  and 
the  tubular  insert.  The  annular  rings  20  and  22  are 
:onstructed  of  metal  which  may  be  the  same  as 
:hat  of  insert  14.  Two  identical  metal  stems  24 
sxtend  into  the  cavity  18.  Metal  particles,  desig- 
lated  as  26,  are  introduced  to  the  cavity  18  through 
stems  24.  The  metal  particles  are  of  a  composition 
Afferent  from  the  tubing  surface  to  be  clad,  and 
jreferably  of  a  material  that  is  more  resistant  to 
destructive  media  than  the  material  of  the  surface 
:o  be  clad.  Although  two  stems  are  shown  for  this 
jurpose  in  Figure  I,  any  suitable  number  may  be 
jmployed.  The  stems  24  extend  through  annular 
ing  22.  After  filling  the  annular  cavity  18  with  metal 
jarticles  26  introduced  through  the  stems  24,  the 
items  are  crimped,  which  is  the  configuration 
shown  in  Figure  I  and  an  annular  cap  28  is  con- 
lected  in  sealing  engagement  between  adjacent 
»nds  of  the  tubing  and  insert  and  over  the  crimped 
items.  The  cap  is  connected  as  by  welding  (not 
shown)  to  tubing  12  and  ring  22.  In  this  manner,  the 
>nd  of  the  cavity  18  opposite  that  of  ring  20  is 
ikewise  sealed  after  filling  of  the  cavity  with  the 
netal  particles  26. 

The  assembly  10  after  filling  of  the  cavity  18 
hereof  with  metal  particles  and  sealed  as  shown  in 
he  drawing,  is  heated  to  a  temperature  for  forging 
vhich  temperature  is  typically  within  the  range  of 
D00  to  2200°F  (538  to  I204°C). 

The  assembly  is  forged  by  placing  a  mandrel 
10  longitudinally  within  insert  14,  as  shown  in  Fig- 
ires  I  and  2.  Preferably,  the  forging  box  has  four 
lammers  32  which  are  evenly  spaced  around  the 

assembly,  as  shown  in  Figure  2.  The  hammers 
strike  simultaneously  at  a  rate  of  175  to  2000  times 
per  minute.  In  this  manner,  the  circumference  of 
the  assembly  as  it  moves  longitudinally  through  the 

5  forging  box  is  subjected  to  an  all-sided,  sequential 
forging  operation  with  the  mandrel  supporting  the 
assembly  and  over  which  the  tubing  is  elongated. 
The  forging  operation  provides  for  uniform,  rapid 
forging  along  the  entire  circumference  of  the  as- 

10  sembly  so  that  full  density  and  metallurgical  bond- 
ing  of  the  particles  to  the  tubing  interior  is 
achieved.  The  apparatus  suitable  for  use  with  the 
practice  of  the  invention  may  be  that  described  in 
Kralawetz  U.S.  Patent  3,165,012.  The  forging  ma- 

75  chine  of  this  patent  has  four  hammers  that  are 
radially  directed  toward  the  axis  of  the  workpiece, 
which  workpiece  is  moved  longitudinally  through  a 
forging  box  embodying  the  hammers  which  are 
driven  by  driving  shafts  eccentrically  mounted  to 

20  cause  the  hammers  to  perform  a  reciprocating, 
sequential  forging  action.  During  forging,  and  in- 
cident  to  this  compacting  and  bonding  operation, 
the  tubing  may  be  elongated  about  two  to  ten 
times  its  original  length. 

?5  After  forging  the  annular  rings  20  and  22  and 
cap  28  may  be  removed  to  provide  a  tubing  having 
the  desired  interior  clad  surface.  Likewise,  insert  14 
may  be  removed  by  a  machining  operation  which 
may  be  chemical  or  mechanical  or  by  a  combina- 

io  tion  of  chemical  and  mechanical  action.  There  may 
be  applications  wherein  the  insert  may  remain  on 
the  compacted  tubing.  The  insert  is  bonded  to  the 
compacted  particles  26  during  the  forging  opera- 
tion. 

«  The  metal  particles  26  may  be  produced  by 
any  of  the  well  khown  practices  for  manufacturing 
powder  particles  suitable  for  powder-metallurgy  ap- 
plications.  One  preferred  practice,  however,  is  to 
gas  atomize  a  molten  metal  stream  to  produce 

x?  discrete  preailoyed  particles  which  are  rapidly  cool- 
ed  within  a  protective  atmosphere  and  collected  for 
use. 

It  is  to  be  understood  that  the  term  "metal"  as 
used  in  the  specification  and  claims  includes  alloys 

s  as  well  as  carbides,  such  as  tungsten  carbides  and 
the  like  and  the  terms  "metal"  and  "alloy"  are  used 
interchangably.  The  metal  particles  in  applications 
requiring  resistance  to  a  highly  abrasive  media 
may  be  particles  of  carbides,  such  as  tungsten 

o  carbides,  which  are  highly  resistant  to  abrasion. 
Although  the  invention  has  been  described  and 

claimed  with  respect  to  cladding  "tubing",  it  is  to 
be  understood  that  various  cylindrical  products 
could  be  made  by  the  practice  of  the  invention 

5  which  might  be  used  in  other  than  tubing  applica- 
tions. 

Prior  to  forging  and  incident  to  the  heating 
operation  of  the  assembly,  the  cavity  18  of  the 
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assembly  may  be  connected  through  stems  24  to  a 
pump  which  may  be  used  to  evacuate  the  chamber 
interior  to  remove  deleterious  gaseous-reaction 
products  prior  to  sealing  the  cavity,  which  operation 
is  conventionally  termed  "out-gassing." 

Claims 

1.  A  powder-metallurgy  method  for  producing 
tubular  product  having  on  a  metal  surface  thereof  a 
cladding  of  an  alloy  of  a  metallurgical  composition 
different  from  said  surface  characterised  in  that, 
said  method  comprises  constructing  an  assembly  - 
(10)  including  a  metal  tubing  (12)  having  at  least  one 
surface  (16)  to  be  clad,  a  tubular  insert  (14)  mounted 
generally  axially  with  said  tubing  (12)  in  spaced- 
apart  relation  to  said  surface  (16)  to  provide  a 
generally  annular  cavity  (18)  between  said  surface  - 
(16)  and  said  tubular  insert  (14),  filling  said  cavity  - 
(18)  with  metal  particles  (26)  of  a  metallurgical  com- 
position  different  from  said  surface  (16),  sealing 
said  powder-filled  cavity  (18),  heating  said  assembly 
(10)  to  an  elevated  temperature  and  forging  said 
assembly  (10)  to  compact  said  metal  particles  (26) 
to  substantially  full  density  and  metallurgically 
bond  said  particles  (26)  to  said  surface  (16),  said 
forging  including  passing  said  assembly  (10)  along 
a  feed  path  having  an  axis  through  a  forging  box 
having  a  plurality  of  hammers  (32)  evenly  spaced 
around  said  assembly  (10)  and  adapted  to  extend 
and  retract  radially  with  respect  to  said  axis  to 
impart  a  radial  forging  action  to  said  assembly  (10) 
as  said  assembly  passes  through  said  forging  box. 

2.  A  method  according  to  claim  I,  wherein  said 
tubing  is  elongated  during  said  forging  over  a  man- 
drel  (30). 

3.  A  method  according  to  claim  I  or  2,  wherein 
said  assembly  (10)  includes  for  sealing  said 
powder-filled  cavity  (18)  two  annular  rings  (20,22), 
each  connected  in  sealing  engagement  between 
adjacent  ends  of  said  tubing  (12)  and  tubular  inset  - 
(14)  at  opposite  ends  of  said  assembly  (10). 

4.  A  method  according  to  claim  I,  2  or  3 
wherein  said  assembly  (10)  includes  at  least  one 
stem  (24)  extending  into  said  annular  cavity  (18) 
through  which  said  metal  particles  (26)  are  intro- 
duced  during  filling  of  said  cavity  therewith,  said 
stem  (24)  being  adapted  for  sealing  prior  to  forg- 
ing. 

5.  A  method  according  to  claims  3  and  4, 
wherein  said  stem  (24)  extends  through  one  of  said 
annular  rings  (22)  and  after  filling  said  annular 
cavity  (18)  with  said  metal  particles  (26)  and  prior  to 

forging  said  cavity  (18)  is  sealed  by  crimping  said 
stem  (24)  and  connecting  an  annular  cap  (28)  in 
sealing  engagement  between  adjacent  ends  of  said 
tubing  (12)  and  said  insert  (14)  and  over  said 

5  crimped  stem  (24). 
6.  A  method  according  to  any  one  of  the  pre- 

ceding  claims,  wherein  said  surface  (16)  of  said 
metal  tubing  (12)  is  an  internal  surface  and  said 
tubular  insert  (14)  is  mounted  axially  within  said 

w  tubing  (12). 
7.  A  powder-metallurgy  method  for  producing 

tubular  product  having  on  an  internal  surface  there- 
of  an  internal  cladding  of  an  alloy  more  resistant  to 
destructive  media  than  said  internal  surface, 

75  characterised  in  that  said  method  comprises  con- 
structing  an  assembly  (10)  including  a  metal  tubing 
(12)  having  an  internal  surface  (16),  a  tubular  insert  - 
(14)  mounted  generally  axially  within  said  tubing  - 
(12)  in  spaced-apart  relation  to  said  internal  surface 

20  (16)  thereof  to  provide  a  generally  annular  cavity  -. 
(18)  between  said  internal  surface  (16)  and  said 
tubular  insert  (14),  filling  said  cavity  (18)  with  metal 
particles  (26)  of  a  composition  more  resistant  to 
destructive  media  than  said  internal  tubing  surface 

25  (16)  through  at  least  one  stem  (24)  extending  into 
said  annular  cavity  (18),  sealing  said  cavity  (18)  by 
connecting  in  sealing  engagement  two  annular 
rings  (20,22)  between  adjacent  ends  of  said  tubing 
(12)  and  said  insert  (14)  at  opposite  ends  of  said 

30  assembly  (10),  crimping  said  stem  (24)  and  con- 
necting  an  annular  cap  (28)  in  sealing  engagement* 
between  adjacent  ends  of  said  tubing  (12)  and  said 
insert  (14)  and  over  said  crimped  stem  (24),  heating 
said  assembly  (10)  to  elevated  temperature  and 

35  forging  said  assembly  (10)  to  compact  said  metal 
particles  (26)  to  substantially  full  density,  metallur- 
gically  bond  said  particles  (26)  to  said  internal 
surface  (16)  and  elongate  said  tubing  (12),  said 
forging  including  passing  said  assembly  (10)  along 

40  a  feed  path  having  an  axis  through  a  forging  box 
having  a  plurality  of  hammers  (32)  evenly  spaced 
around  said  assembly  (10)  and  adapted  to  extend 
and  retract  radially  with  respect  to  said  axis  to 
impart  a  radial  forging  action  to  said  assembly  (10) 

45  as  said  assembly  passes  through  said  forging  box. 
8.  A  method  according  to  claim  5  or  7,  wherein 

after  said  forging  said  annular  rings  (20,22)  and 
said  annular  cap  (28)  are  removed. 

9.  A  method  according  to  any  one  of  the  pre- 
50  ceding  claims,  wherein  after  said  forging  said  tubu- 

lar  insert  (14)  is  removed. 
10.  A  method  according  to  claim  9,  wherein 

said  tubular  insert  (14)  is  removed  by  chemical 
and/or  mechanical  means. 
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